A PVC plate (1.3 cm thick) with holes drilled for drainage was screwed onto the bottom of each column and then a PVC cap was glued over the pipe and plate. A stainless steel mesh (60 × 60 per in.) circle was placed on top of the PVC plate. Before packing columns, materials were oven dried (70°C, 48 h) and then soaked in tap water (48 to 72 h). Materials were allowed to drip dry for 10 min and then packed in layers using the following method: 400 g batches of corn cobs or woodchips were packed into columns, tamping down each batch layer by dropping a 1.8 kg approximately 15 cm onto the material. A biological inoculum (1 g) (Biofloc TM Biologicals, Innovative Turf Solutions, Cincinnati, OH) was weighed and mixed with all batch layers before packing. Single material treatments had approximately 10 layers. Columns with treatments consisting of multiple materials were packed in alternating layers. Sub-samples were taken to determine moisture content and density of materials in columns. Percent by weight was calculated for treatments of mixed materials (Table SI. 2). Once all layers were packed into columns, a stainless steel mesh was placed on top of the material and another PVC plate was placed on top, leveled, and secured into place (stainless steel screws). Columns were capped and sealed using silicone caulk and glue and allowed to set for 24 h. Drainable porosity was determined for each column by filling columns with water, soaking for 24h, and then allowing them to free-drain for 24h. Sensors measuring oxidation-reduction potential (ORP) were secured into the top cap and subsequently connected to a data logger that recorded readings hourly.
Dissolved Oxygen Measurement -Additional Detail
The dissolved oxygen probe was inserted into a syringe body connected via 6-mm diameter tubing to a valve on the top cap of the columns. The column effluent outlet valve was closed and the valve to the syringe body simultaneously opened to permit flow of water into the syringe barrel. The flow rate was set to 10 mL min -1 to allow effluent to continuously flush around the probe. There was minimal space between the wall of the syringe and the probe to reduce the contact area for oxygen diffusion. Also, due to the slow rate of oxygen diffusion in water, it was assumed that this arrangement preserved the DO reading's integrity.
Impact of Changing Flow Rates on Process Stability
The effect of changing flow rates on outlet nitrate concentrations was greatest during the 1.5-h HRT, when flow rate was increased by 16 times at the beginning of the six-hour cycle ( Fig.  SI.3 ). The WC, WC+BC, CC, CC+MC, and CC+MC+MBC outlet nitrate concentrations plateaued after four hours (≈2.3 pore volumes), indicating a relatively stable process by the end of the six-hour cycle at 1.5 h HRT. Thus, calculation of NRR using the outlet concentrations after six hours is justified. After just two hours (≈1.2 pore volumes), outlet concentrations for WC+A reached a plateau at approximately 3 mg N L -1 , increasing from a value near 0 mg N L -1 , demonstrating the capacity of the microbial community to denitrify nitrate at a 1.5-h HRT at 15°C when C is readily available as an electron donor. Because this capacity is so great, nearly all the nitrate-N was removed in the WC+A treatment at the longer 12, and 24 h (Figs. SI.3b, 3c, and 3d) . Midway through the 1.75-d cycle for the 8-h HRT (≈2.6 pore volumes), the outlet concentrations for the WC, WC+BC, CC+MC, and CC+MC+MBC treatments reached a value equivalent to that at the end of the period. Only the CC treatment had an appreciable reduction in outlet concentration from mid to end of cycle. At the 12-h HRT, outlet concentrations varied little for the three CC treatments and WC+A at the middle (≈ 2 pore volumes) or end (≈ 1.75 additional pore volumes), dropping from 3.3 to 0.7 mg N L -1 , respectively, from the beginning to the end of cycle. The WC and WC+BC outlet concentrations declined gradually over the 12-h HRT. Over the 24-h HRT, WC and WC+BC outlet concentrations were lower by the end of the period while outlet concentrations of the remaining treatments changed little given the already low concentrations entering the period.
These results suggest different critical HRT ranges for the treatments in terms of achieving a given percent N removal. For example, at 15°C, >50% N removal can be realized for WC+A in less than 1.5 h, for the three CC treatments, in between 1.5 and 8 h, and for WC and WC+BC, in between 12 and 24 h. Given the limitations of this experiment, we can only speculate as to the reason for these differences. Nitrogen removal rates with WC may be reduced by lower availability of C and perhaps slower diffusion rates into the secondary pores of the medium. The slow rate of diffusion could explain the continued downward trend in outlet concentrations after increasing HRT (decreasing the flow rate) from 12 h to 24 h.
Impact on N Load Removal Calculations
To test the effect of varying nitrate-N outlet concentrations during each HRT cycle, nitrate-N load removal was recalculated by using the outlet nitrate concentrations each two hours for 1.5-h HRT and midway through the 8-h and 12-h HRTs for one one-week cycle of the rewarm run.
Nitrate-N load removal calculations were minimally affected by including outlet nitrate-N concentrations within the HRT cycles when compared with only using the concentrations at the end of the cycle. There was an average increase in the percentage of N load removed of 2.4% for 14 of the 18 treatment replicates and an average decrease of 1.1% for the other four treatment replicates. The adjustments had no affect on the statistical outcomes among treatments. 
Bacillus azotofixans 2

Bacillus azotoformans 3
Bacillus inegaterium 2
Bacillus polymyza 5
Bacillus licheniformis 6
Bacillus pumulis 2
Bacillus spp. 3
Other Proprietary Bacillus 10
Pseudomonas 5 Pantothenic Acid n/a † Amotrol n/a † n/a denotes not applicable. 
h ---------------------------HRT-----------------------------------
h (°C) ---------------------------ORP(mV) -----------------------------------Warm
14.6 CC -155 to +425 -160 to +276 -163 to +178 -139 to +125 CC+MC -320 to +380 -178 to +199 -173 to +166 -158 to +157 CC+MC+MBC -241 to +325 -99 to +354 -176 to +245 -157 to +113 WC +296 to +599 -84 to +555 -36 to +445 +47 to +463 WC+BC +292 to +554 +228 to +441 +181 to +406 +102 to +334 WC+A -459 to -20 -261 to +112 -284 to +111 -233 to +9
Cold 5.5 CC +186 to +574 +340 to +620 +343 to +603 +173 to +413 CC+MC +162 to +642 +214 to +465 +218 to +474 +13 to +358 CC+MC+MBC +226 to +570 +377 to +670 +379 to +595 +245 to +414 WC +73 to +588 +337 to +661 +324 to +498 +181 to +453 WC+BC +218 to +653 +420 to +622 +405 to +670 +299 to +493 WC+A -191 to +267 -128 to +234 -167 to +265 -168 to +64
Rewarm 14.9 CC -153 to +401 -139 to +290 -140 to +125 -163 to +14 CC+MC -225 to +335 +70 to +230 +10 to +143 -93 to +29 CC+MC+MBC -149 to +325 +35 to +244 -168 to +133 -166 to +7 WC -196 to +383 +233 to +336 +199 to +309 +172 to +289 WC+BC -191 to +448 +237 to +389 +179 to +343 +144 to +316 WC+A -197 to +368 -261 to -159 -279 to -125 -241 to -146 Table S6 . Mean (st. dev.) of percent carbon, percent nitrogen, and C:N of original carbon materials and carbon materials after the rewarm run (n=2). Modified biochar data were excluded because there was insufficient sample mass at conclusion of experimental run. Table S8 . Mean (st. dev.) of net flow weighted total carbon (TC) and total organic carbon (TOC) production load over eight weeks of each temperature experiment. Carbon data from the rewarm run are not presented due to equipment failure. 
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